. Additionally, serological testing of patients suggests the presence of TAHV or a closely related California serogroup virus in Iraq and West Africa (Barakat et al., 2016; Jentes et al., 2010) . TAHV may cause an acute febrile flulike illness in humans, rarely atypical pneumonia or meningitis, with highest incidence during late spring and early summer months following high mosquito abundance (Bárdos, Medek, Kama, & Hubálek, 1975; Hubálek et al., 2005) . High rates of seroconversion have been observed in humans in the Czech Republic (Hubálek et al., 2005) and lower rates in the Tyrol region of the Austrian Alps (Sonnleitner et al., 2014) . The principal vector of TAHV is the floodwater mosquito species Aedes (Aedimorphus) vexans (Meigen 1838) (Diptera: Culicidae) (Simková, Danielová, & Bárdos, 1960) , a mammalophilic mosquito with Holarctic distribution that is common to floodplain ecosystems. Many mammals display a short transient viraemia following experimental infection (Bennett, Gresko, Murphy, & Whitehead, 2011; Juricová & Hubálek, 1999; Rödl, Bárdos, & Ryba, 1979) .
TAHV transmission activity has been routinely monitored in the South Moravia region of the Czech Republic since the 1960s via mosquito surveillance and serosurveillance of humans and wild animals (Danielova & Holubova, 1977; Danielova, Malkova, Minar, & Ryba, 1976; Hubálek et al., 2005 Hubálek et al., , 2010 Juricová & Hubálek, 1999; Kolman, 1973) . However, very little is known about the transmission dynamics and activity levels outside this region. Therefore, we performed serological surveillance for TAHV activity on a broad geographic scale loosely following the Danube river, the major drainage basin in central Europe. Sampling targeted three large ungulate species of the European floodplain ecosystem captured by game hunters: red deer (Cervus elaphus), European roe deer (Capreolus capreolus) and wild boar (Sus scrofa). 
| Sample preparation
Heart blood or blood pooled in the abdominal cavity was collected from the carcass within 1 hr after death. Whole blood was allowed to clot in conical centrifuge tubes for 2-24 hr at 4°C. Serum was separated from clotted blood by 10-min centrifugation at 2,000× g Impact • Tahyna virus, a mosquito-borne orthobunyavirus, activity was detected in wild game mammals in Austria, Hungary and Romania.
• The highest seroprevalence to Tahyna virus was detected in wild boar from Austria, although rate of seroconversion was location-dependent.
• Austrian populations of red deer also had neutralizing antibodies to Tahyna virus, yet at a lower rate compared to wild boar. 
TA B L E 1 Detection of neutralizing antibodies to Tahyna virus in wild boar populations of Europe
at 4°C and stored at −20°C until analysis. Sera were heat-inactivated at 60°C for 20 min, followed by centrifugation.
| Virus
The "Bardos 92" type strain of TAHV was grown to passage 2 in Vero (African green monkey kidney) cells in Dulbecco's minimum essential media with high glucose and 2% foetal calf serum (virus growth media, "VGM"). This virus produces cytopathic effect (CPE) in Vero cells, and the working stock reached a maximum titre of 10 7.0 TCID 50 /ml at 3 days post-infection.
| Virus microneutralization assay
Heat-inactivated serum samples were diluted 2-fold in VGM and were incubated with 100 TCID 50 virus for 1 hr at 37°C. Serum with virus was added to a monolayer of Vero cells in a 96-well plate, and wells were inspected for CPE after incubation for 3 days at 37°C
with 5% CO 2 and high humidity. Neutralizing titres were calculated as the lowest dilution (highest concentration) which prevented CPE.
Samples with neutralizing activity at dilutions less than 1:40 are considered seronegative. This assay provides results similar to 90%
plaque reduction neutralization assays (data not shown).
| Statistical analysis
Seropositivity data were analysed by chi-square tests with continuity correction to evaluate the statistical independence between locales and between species within a given locale using r (version 3.2.5). Standardized residuals, which approximate a Z-score, are calculated according to (Agresti, 2007) , and one-tailed probabilities of a standard normal distribution are reported. This method was preferred over statistical comparisons using "per cent positive" as it accounts for sample size at a given level. In addition, for the Austrian populations, loglinear statistical models were generated with categorical variables of seropositivity, age class ("adult" or "juvenile") and sex. Stepwise goodness-of-fit analysis was performed to determine the best-fitting model based on significant reduction in Akaike information criterion (AIC). Type I error is controlled at α = 0.05.
| RE SULTS
In total, 105 wild boar, 51 red deer and 20 roe deer were sampled in Austria. From the Austrian populations, no wild boar were sampled from sites near Karlstift, and no roe were sampled from Burgenland.
Only wild boar were sampled in Hungary (n = 398) and Romania (n = 122).
| Wild boar have highest seropositivity
Across Austrian sampling locales, wild boar had the highest level of seropositivity (26.7%) of the three species sampled. Red deer in Austria were 9.8% seropositive, and there were no seropositive roe.
Considering only the Austrian sampling area, seropositivity was not independent of species (χ 2 = 11.6, df = 2, p = .003): standardized residuals revealed that wild boar were significantly more seropositive than other species (p = .01, Table 2 ).
| Seropositivity varies geographically
A chi-square test of independence was used to test the hypothesis that wild boar are similarly seropositive across sites. Samples were grouped by counties from which greater than 10 wild boar were sampled (two counties in Austria, 10 in Hungary and four in Romania, n = 572 samples, average rate of 15.9% seropositive, Figure 1 ).
Seropositivity was not independent of locale (χ 2 = 68.3, df = 15, p < .001). Samples taken from Lower Austria, Austria (n = 51, 27.5%, p = .04); Hajdú-Bihar county, Hungary (n = 15, 46.7%, p = .002); and Bacau County, Romania (n = 18, 55.6%, p < .001) had significantly higher rates of seropositivity than other sites (Table 1) . Samples taken from Borsod-Abaúj-Zemplén county, Hungary (n = 38, 2.6%, p = .038); Veszprém county, Hungary (n = 59, 8.5%, p < .001); and Covasna, Romania (n = 27, 0%, p = .035) had significantly fewer seropositive animals than expected (Table 1) . Although no seropositive samples were detected from Fejér, Nógrád and Győr-Moson-Sopron counties in Hungary, low sample sizes (n = 10, 10 and 18, respectively) prevented statistical significance of this result.
| Adult wild boar have higher seropositivity
Sex data were available for samples obtained from two wild boar populations in Austria (n = 74), and animals were further separated into two age groups-juveniles (<1 year old) and adults-based on pelage and inspection of teeth. Virus neutralizing antibodies were detected in only one juvenile animal of 19 tested, compared to 19 adults of 54 tested. Fitting a generalized loglinear model which incorporated both age and sex by stepwise AIC elimination of predictors revealed that age was a significant predictor of seropositivity (χ 2 = 2.35, df = 2, p = .31; AIC = 41.9). Adults were 9.5 times more likely to be seropositive than juvenile animals (p = .03, 95% confidence interval of the odds ratio = 1.2 to 76.7). Analysis of deviance test (p = .17) revealed that sex was not a significant predictor of 
| D ISCUSS I ON
The results provide further evidence that TAHV is actively transmitted throughout Europe, although transmission is focal and not uniform. High rates of seropositivity have been reported for wild boar populations in the past, and our data support the usefulness of this species as indicators of the activity of certain arboviruses (Halouzka, Juřicová, Janková, & Hubálek, 2008; Juricová & Hubálek, 1999; Kolman, 1973; Touloudi et al., 2015) . The higher rate of neutralizing antibodies in wild boar versus red deer may reflect vector preference rather than host susceptibility, as mammals may have a measurable immune response to TAHV even in the absence of viremia (Bennett et al., 2011) . Similarly, variability in seroprevalence may be due to site-specific differences in vector populations at individual sites, where increased vector abundance is correlated with increased transmission (Hubálek et al., 2005) . Furthermore, variability between sites may reflect variability over time. Temporal changes in seropositivity of TAHV have been noted in wild boar: a decreasing rate of seroprevalence over time has been observed from extensive longitudinal sampling in the South Morava region of the Czech
Republic (Halouzka, Juřicová, Janková, & Hubálek, 2008) . In the data set here, 16 samples from Galati county in 2016 were seronegative, whereas 15% of samples (n = 40) were seropositive in 2017 from the same county. This limited temporal comparison may support the observation that arbovirus activity in a given geographical area changes over time. In sum, TAHV continues to be transmitted in central and eastern Europe, although seroconversion rates may vary by site and year.
The ability of serum to inhibit virus infection (neutralization) is considered a gold standard assay in virology and provides direct evidence of virus-specific antibodies in a given sample. The virus microneutralization assay used here was validated with selected serum samples in a plaque reduction neutralization assay yielding similar endpoint titres (data not shown). Wild animals, particularly artiodactyls, are well-suited as indicators of arbovirus activity:
they are abundant and hunted yearly, making samples readily available (Dietrich et al., 2005; Hubálek et al., 2017) . However, these data, alone, do not indicate whether these animals are primary amplifying hosts of TAHV in the enzootic cycle. Previous research concluded that rabbits are amplifying hosts of TAHV (Simková et al., 1960) , and these animals were not sampled in this study. Further research is underway to test whether patterns of seropositivity reported here are reflected in the host preference of potential vector mosquito species, as well as the vector competence of those species.
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